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JSC-14045 

PREFACE 

This Payload I n t e  r a t i o n  Plan ( P I P )  represents the  payload-to-Space Trans- 
po r ta t i on  System 4 STS) agreement on the r e s p o n s i b i l i t i e s  and tasks t h a t  d i -  
r e c t l y  r e l a t e  t o  the  i n t e g r a t i o n  o f  the payload i n t o  the STS, and includes 
a d e f i n i t i o n  of the tasks t h a t  the STS considers opt ional  services. 

Upon prov is ion o f  the required funding by NASA Headquarters STS Operations, 
the i d e n t i f i e d  opt ional  services w i l l  be implemented according t o  the P I P  
schedule. 

Further understanding o f  the STS operations and the associated payload- 
unique requirements may ind i ca te  the need f o r  addi t ion o r  de le t i on  o f  op- 
t i o n a l  services. This can be accommodated by amendment o f  the P I P  and pro- 
v i s i o n  o f  funding by NASA Headquarters STS Operations. The o f f i c i a l  com- 
mitment f o r  the launch date i s  r e f l e c t e d  i n  the NASA Headquarters f l i g h t  
assignment. 
only. 

The launch date shown i n  t h i s  P I P  i s  f o r  planning purposes 

i v  
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1 .O INTRODUCTION 

The National Aeronautics and Space Administrat;on (NASA) plans to launch 
an Electrophoresis Equipment Verification Test (EEVT) with the Space Trans- 
portation System (STS) e 

For purposes of this Payload Integration Plan (PIP), the STS shall be 
represented by the NASA-Johnson Space Center (JSC) and the NASA-Kennedy 
Space Center (KSC) . The EEVT shall be represented by the JSC Space and 
Life Sciences Directorate (SLSD) . 
This plan provides the management roles and responsibilities, and a defini- 
tion of the technical activities, interfaces, and schedule requirements to 
accomplish the integration, launch and activation o f  the EEVT with the 
STS . 
2.0 MANAGEMENT RESPONSIBILITIES 

The responsibility for assuring the definition, control, implementation, 
and accomplishment of the activities identified in this document for the 
STS is vested with the Shuttle Payload Integration and Development Program 
Office (SPIDPO) at NASA-JSC and for the EEVT with the SLSD. 

2 - 1  Joint Respohsibilities 

The STS and the SLSD will support the necessary integration activities, 
both analytical and physical, identified in this plan and according to the 
schedules contained in section 15. 

2.1.1 Documentation.- The documentation for insuring proper integration 
of the payload will consist of the PIP and PIP annexes. 

These documents and associated changes will be jointly approved by STS and 
SLSD. 
NASA/JSC will maintain configuration control of the above documentation in 
accordance with Change Control Requirements and Procedures Manual JSC 
13995, with the exception of the Launch Site Support Plan Annex which will 
be maintained by KSC. 

Configuration control will be initiated upon signature approval. 

2.1.2 Reviews.- The reviews that will be implemented to assess the EEVT 
implementation process will be the Shuttle Mission Reviews plus the Flight 
Readiness Review (FRR) as defined in the Shu,ttle Payload Integration Plan, 
JSC 14363. 

2.2 STS Responsibilities 

NASA/JSC SPIDPO is responsible for integration o f  the EEVT into the STS 
including analytical and physical integration, integrated flight design, 
integrated flight operations, and compatibility with other cargo elements 
which share the same flight. 

1 



NASA/KSC is responsible for the STS launch and landing support, for 
agreed-upon facilities and services required for integrated checkout, and 
for ground integration of the EEVT and STS. 

2.3 SLSD Responsibilities 

The SLSD is responsible for the design, development, test, performance and 
safety of the EEWT, mission support, and for providing airborne and ground 
support equipment to KSC, as well as providing verification of EEVT compat- 
ibility with the Shuttle vehicle. 

3.0 PAYLOAD DESCRIPTION 

The Electrophoresis Equipment Verification Test (EEWT) is intended to ver- 
ify the electrophoresis equipment as appropriate hardware for use in sepa- 
rating individual functioning biological cells and large molecules. 
equipment, shown in figure 3-1, includes an electrophoresis unit, cryo- 
genic freezer for the biological cells, a camera system, and a tape re- 
corder for on-orbit data collection which will be stored in the middeck 
1 ocker areas e 

The 

The EEVT configuration is shown in figure 3-1. 
data will be provided by SLSD as part of the Payload Data Package Annex 
(Annex 1) e 

Configuration drawings and 

4.0 MISSION OPERATIONS 

The flight operations summary requirements and constraints by flight phase 
lineated in subsequent paragraphs of this section. are as di 

4,1  Pre 

The EEVT 
r>r i or to 

iminary Mission Scenario 

support equipment is to be packed and stored in the locker at KSC 
installation into the Orbiter. Final servicing of the freezer 

unit and the electrophoresis unit is required prior to rnstallation. After 
achieving orbit the EEVT will be activated by the crew in the middeck area, 
the data collected, and the support equipment stored prior to entry. Upon 
landing the EEVT locker will be removed from the Orbiter and turned over to 
the appropriate SLSD personnel. 

4.2 Orbital Requirements and Payload Control Parameters 

The EEVT is independent of orbital altitude, inclinat'on, flight profile 
etc. Operation of the EEWT is preferred to be at 10-3 g load or less. 
Any maneuvers or excursions greater than this, during a test run, should 
be noted. 

2 



EEVT MOUNTING PLATE 

MINI TAPE RECORDE 

POWE 

YOGENI C FREEZER 

\I ELECTROPHORESIS UNIT 

FIGURE 3-1 
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EEVT CONTROL WEIGHT - 90 lbs (40.9 Kg)* 
EEVT CONTROL ENERGY - 2.25 KW H 

The term "control weight'' and "control energy" as used in this PIP is the 
maximum weight which the Cargo may not exceed without STS concurrence. 

The EEVT sequenced mass properties and configuration drawings will be pro- 
vided by the SLSD as part of Payload Data Package Annex. 

4 3 Operational Requ irements and Constraints 

The following EEWT operational requirements and constraints will be used 
in the flight planning. 

4.3.1 Prelaunch.- Servicing of the electrophoresis unit and the freezer 
and final packing of the samples will be performed prior to installation 
into the Orbiter. Final installation of the electrophoresis unit and the 
locker will be accomplished at 20 hours prior to launch or less. 

4.3.2 Ascent.- No operation required during ascent. 

4.3.3 On-Orbit.- One crewmember is required to (1) set-up the experiment 
with camera and tape recorder, (2) insert electrophoresis column and sam- 
ple slide, (3) set panel switches, and start camera and tape recorder dur- 
ing the electrophoresis time (45, 60 or 75 minutes), the crewmen can do 
other activities. At the end of the electrophoresis time the crewman (1) 
freezes the column in place, (2) removes the column and inserts into freez- 
er, (3) inserts a new column, (4) inserts a new slide and repeats the pro- 
cedure, (5) reloads the camera and tape recorder as required, and (6) re- 
store and repack the EEVT locker prior to reentry. The handling time from 
the end of electrophoresis time to start the next one is approximately 30 
minutes. Eight columns are required which would make crew activity total 
2.5 to 4.0 hours. 
this PIP and Annex 2. 

Detailed requirements are reflected in paragraph 8 of 

4.3.4 Descent.- No operation required during descent. 

4.3.5 Postlanding.- The EEWT locker is to be removed within 3 hours after 
landing. The freezer will require servicing prior to shipment to JSC. 

5 .O EEVT-TO-STS INTERFACES 

The STS mechanical and electrical interfaces are defined in the Orbiter 
Crew Compartment Annex. The environmental interfaces with which the EEVT 
must be compatible are defined in the "Environmental Requirements and 
Test Criteria for Orbiter Vehicle; MF00014-014, Rev Cy" par. 3.3.3. 

*Includes locker, cable, and mounting plate. 
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5.1 Structural/Mechanical Interfaces 

The structural/mechanical interface between the EEVT and the STS are de- 
fined in the Orbiter Crew Compartment Annex. The EEVT consists of a 
locker and associated packaging for storage of the camera, tape recorder, 
freezer, ac power cable, and a mounting plate with standard attach fit- 
tings for the electrophoresis unit. 

5.2 Cable Interfaces 

The SLSD will provide an ac power cable to interface with an utility 
outlet as defined in par. 5.4. 

5 . 3  Display and Control Interface 

The EEVT displays and controls are located on the EEVT unit and are de- 
fined in the crew compartment Annex (Annex 6). 

5.4 Electrical Power Interfaces 

The EEVT shall utilize 115 V ac, 400 Hz, 3 phase power from a convenient 
utility outlet. 

Electrical power interface requirements are as follows: 

Power Source 

Orbiter bus 

On-orbit only 

178 W 

The specific power profile will be defined by the SLSD in the flight plan- 
ning annex (Annex 2 ) .  

5 e 5 Command Interfaces 

No command interfaces utilized. 

5.6 Telemetry and Data Interfaces 

No telemetry and data interfaces utilized. 

5.7 Fluid Interfaces 

No STS fluid interfaces required, however, the EEVT will utilize 178 watts/ 
hr which dissipates - 608 BTU/hr to cabin air. 
of the EEVT i s  12 hours. 

The total operating time 
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5.8 Orbiter GPC Software Services 

No GPC software services utilized. 
n :  

6.0 ENVIRONMENTAL ANALYSIS AND INTERFACES 

The EEVT shall meet the natural and induced environmental interfaces in- 
cluding structural loads, thermal, contamination, shock, vibration and 
acoustics and are contained in the Environmental Requirements and Test 
Criteria for Orbiter Vehicle; MF0004-014 Rev C, par. 3.3.3. 

Since the EEVT has previously flown on the ASTP, the physical and func- 
tional environmental compatibility of the EEVT with the Orbiter will be 
shown by similarity. The environmental compatibility will be documented 
in the verification compliance matrices (VCM), The SLSD is responsible 
for providing this verification and is to cover the following environments: 

Structural loads 
Thermal environment 

Contamination 
Shock, Vibration and Acoustic 
Environment 
Ground Environment 

EMIIEMC 

6.1 Structural and Loads Deflection 

Requirements to be verified per paragraph 6.0 above, 

6.2 

Requ 

6.3 

Thermal Environments and Interfaces 

rements to be verified per paragraph 6.0 above. 

EMI/EMC 

Requirements to be verified per paragraph 6.0 above, 

6.4 Con,tamination / 

Requirements to be verified per paragraph 6.0 above. 

6,5 Shock, Vibration, and. Acoustic Environments 

Requirements to be verified per paragraph 6.0 above. 
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6.6 Ground Environmental Requirements 

Requirements to be verified per paragraph 6.0 above. 

7.0 INTEGRATION HARDWARE 

Responsibilities for the integration hardware is defined in the following 
paragraphs: 

7.1 STS-Provided Hardware 

The STS will provide a locker and associated packing material for the 
EEVT e 

7.2 Payload-Provided Hardware 

The SLSD will provide the electrophoresis mounting plate with attach fit- 
tings and the ac power cable. 

8.0 FLIGHT OPERATIONS 

This section defines the flight design, flight activity planning, flight 
crew and flight controller training and flight operations support activi- 
ties required for EEVT/STS integration. 

8.1 Flight Design 

There are no unique flight design requirements for the EEVT. 

8.2 Flight Activity Planning 

8.2.1 Crew Activity Plan.- The STS will be responsible for all crew activ- 
ity plans and will develop an integrated summary and detailed STS/EEVT 
crew activity plan to support the flight. 
the SLSD supplied payload sequence of events. 
quence as part of the flight planning annex (Annex 2). 

8,2.2 Payload Operating Procedures.- SLSD is responsible for the develop- 
ment and verification of payload operating procedures. The payload opera- 
ting procedures are transmitted to the STS via the Flight Operations Sup- 
port Annex of the PIP (Annex 3). These procedures will be used by the 
STS to generate the integrated STS/payload procedures. 

Included in the plan will be 
SLSD will provide this se- 
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8.3 Training 

SLSD is responsible for providing payload discipline training including 
briefings on experiment objectives, science background, and EEVT systems 
to the crew and STS flight controller personnel. STS will be responsible 
for providing all other crew and flight controller training. SLSD will 
provide the payload training requirements and training schedule inputs in 
the Training Annex (Annex 7). 

8,4 Flight Operations Control 

STS is responsible for the conduct of on-orbit payload operations. 
flight operations will be conducted from on board the Orbiter by the 
flight crew supported by the NASA/JSC Mission Control Center (MCC) when 
ground coverage is available using the Spaceflight Tracking and Data Net- 
work (STDN), The STS flight control operations will be conducted from the 
MCC. All payload activities will be coordinated with and supported by the 
STS in negotiated periods of time and within the capabilities and con- 
straints o,f the Orbiter. 
POCC during EEWT flight operations. Display o f  available Orbiter downlink 
data and intercom to Payload Officer will be available in the POCC. The 
basic plan, timelines, and agreements for the attached operations, includ- 
ing necessary procedures, will be identified in the Flight Operations Sup- 
port Annex (Annex 3) * 

EEVT 

SLSD will provide a representative at the JSC 

8.5 Command and Control Support 

The voice interface required between the POCC and the Payload Officer will 
be used to respond to crew comments on the operation of the EEVT. 

9,O LAUNCH AND LANDING SITE SUPPORT 

EEVT payload launch and landing site support requirements and test and 
checkout requirements will be defined by the JSC Space and Life Science 
Directorate (SLSD) and provided to and negotiated with the LSSM for as- 
sessment and KSC support commitment. These requirements wi 1 1  be expres- 
sed in KSC Standard Universal Documentation System (UDS) and Operations 
and Maintenance Requirements and Specifications (OMRS) formats provided 
by KSC. These requirements will be integrated by KSC and SLSD with the 
Shuttle and support organizations for procedures development and require- 
ments implementation. 

9.1 EEVT Prelaunch Operations 

The EEVT flight hardware and associated GSE will be received into and pro- 
cessed in the Operations and Checkout (O&C) Building, room (TBD), accord- 
ing to the processing plan contained in Annex 89 Launch Site Support Plan. 
SLSD will perform prelaunch checkout and servicing of EEWT elements utili- 
zing procedures which have been reviewed by KSC for safety. Typical pre- 
launch checkout and servicing activities. include: 1) electrical checkout 
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of the electrophoresis unit, 2) cryogenic freezer checkout and top-off, 
and 3) EEVT preparations for installation in Orbiter. 
are planned in the VAB. 

No EEVT activities 

9.2 Pad Operations 

The electrophoresis unit and the EEVT locker will be installed in the 
Orbiter cabin while on the pad at T-20 hours or less. Test, checkout and 
interface verification activities will be conducted according to test and 
checkout requirements and procedures as approved and documented in the PIP 
Annex 8, 

9,3 Postflight Operations 

Access will be required to the Orbiter cabin within 3 hours following land- 
ing at Edwards AFB to remove the EEVT locker for disposition by SLSD. The 
EEVT electrophoresis unit will be returned to KSC in the Orbiter for post- 
mission deintegration by KSC/SLSD. 
quired prior to shipment to JSC. 
the Launch Site Support Plan Annex (PIP Annex 8). 

Servicing of the EEVT freezer is re- 
The above requirements are specified in 

9,4 Aborted Flight 

If an aborted flight lands at the KSC Shuttle Landing Facility (SLF) the 
payload will be removed and the EEVT returned to SLSD. 

In the event that an aborted flight lands at the secondary or contingency 
landing site, SLSD should be prepared to accept the payload at the landing 
site after removal from the middeck due to the limited ferry capability 
of the Shuttle Carrier Aircraft. 
ity and associated safety requirements and is compatible with associated 
environments it will be returned to KSC in the Orbiter. 

If the cargo is within the ferry capabil- 

10.0 SAFETY 

The JSC SLSD (Space and Life Sciences Directorate) is responsible for as- 
suring that the EEVT and its GSE (ground support equipment) are safe. The 
EEVT and GSE shall be designed to comply with the requirements of NASA Of- 
fice of Space Flight document NHB 1700,7, "Safety Policy and Requirements 
for Payloads Using the Space Transportation System (STS)," dated May 1979, 
particularly paragraph 216 concerning reflown hardware. To assess compli- 
ance with the safety requirements one safety review will be conducted by 
the STS in accordance with JSC 13830, "Implementation Procedure for STS 
Payload Safety Requirements," May 1979. 

The safety documentation required to support the safety review shall be 
provided by the payload organization 30 days prior to the scheduled safety 
review. The results of the safety review and assessment will be the safe- 
ty certification of the EEVT and GSE by the SLSD prior to delivery, start 
of processing, and installation in the Orbiter. The SLSD will submit a 
flight readiness statement for the EEVT at the flight readiness review. 

9 



11 .O INTERFACE VERIFICATION 

The SLSD i s  responsible f o r  v e r i f y i n g  c o m p a t i b i l i t y  w i t h  the in ter faces 
and environments spec i f i ed  i n  t h i s  PIP.  

It i s  ant ic ipated t h a t  t h i s  i n te r face  v e r i f i c a t i o n  w i l l  be accomplished 
w i t h i n  the scope o f  normal test ,  checkout and i n t e g r a t i o n  f l ow  o f  t he  
EEVT. 

12 .O POSTFLIGHT DATA REQUIREMENTS 

a) G leve ls  from r a t e  gyros and/or IMU sensors during th rus te r  f i r i n g  f o r  

b) Crew l o g  (post f l i g h t  c o r r e l a t i o n  of crew operation and voice comments 

c )  As flown f l i g h t  plan. 

spec i f i ed  t i m e  i n te rva l s .  

on the EEVT). 

These requirements w i l l  be r e f l e c t e d  i n  the F l i g h t  Operations Support Annex 
( P I P  Annex 3).  

13.0 OPTIONAL SERVICES 

Planning and budget estimates o f  reimbursements f o r  the payload transpor- 
t a t i o n  requirements and the previously c i t e d  opt ional  services are d i s -  
played i n  the STS Summary Pr ice Sheet, f i g u r e  13-1. These estimates are 
intended t o  provide pre l iminary informat ion on the assumed l e v e l  o f  cost 
t o  be borne by the SLSD and w i l l  change through more de ta i l ed  d e f i n i t i o n  
and j o i n t  negot iat ions.  
and the use o f  these estimates f o r  planning purposes should be adjusted 
f o r  i n f l a t i o n .  

The estimates are s tated i n  current  year d o l l a r s  

The f i n a l  estimates f o r  Standard Shut t le  Services and Optional F l i g h t  Sys- 
tem Services w i l l  be j o i n t l y  negotiated between NASA Headquarters and the 
SLSD. Immediately p r i o r  t o  the i n i t i a t i o n  o f  the i nd i v idua l  opt ional  ser- 
vice, the performing NASA organizat ion and the SLSD w i l l  j o i n t l y  def ine 
the tasks and establ ish the estimated p r i c e  according t o  the sect ion 15 
schedule f o r  the opt ional  service. 

a) Launch s i t e  support services 

14.0 P I P  ANNEXES 

As i d e n t i f i e d  i n  other sections o f  the document, the fo l l ow ing  annexes are 
required : 

1. Payload Data Package 7. Tra in ing 
2. F l i g h t  Planning 8. Launch S i t e  Support Plan 
3. F l i g h t  Operations Support 
6. Orb i ter  Crew Compartment 

10 
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15 .O SCHEDULE 

The attached schedule, figure 15-1, provides a summary of the various tech- 
nical areas requiring data exchange and/or products in support of the EEVT/ 
STS i ntegrat i on act i v i t i es . 
16 .O REFERENCE DOCUMENTS 

FOO14-014 REW C - Environmental requirements and test requirements for 
Orbiter vehicle. (11/20/78) 

b) K-STS-M-14.1 - KSC launch site accommodations handbook for STS pay- 
loads. (Current Issue) 

* c) MHB 1700.7 

d) JSC 18830 

e) JSC 13995 

f)  JSC 14363 

- Safety policy and requirements for payloads using 
- Implementation procedure for STS payload safety re- 

- SPIDPO change control requirements and procedures 

- Shuttle/payload integration activities plan. 

Q STS. (Current Issue) 

quirements. (May, 1979) 

manual, Rev B. (August, 1979) 

9) JSC-07700 
Volume XIV 
dated 

- Space shuttle system payload accommodations. 
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